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@ Hydrotreating process. 



@ Process for hydrotreating a hydrocarbon oil 
employing several reactor vessels, which pro- 
cess comprises : 

(i) further hydrotreating partly hydrotreated 
hydrocarbon oil (8) of step (Iv) In a first reactor 
vessel (1) In the presence of clean hydrogen 
containing gas (1), 

(ii) separating (3) the mixture obtained in step 
(I) within the first reactor vessel into a hydrot- 
reated hydrocarbon oil (4) and used hydrogen 
containing gas (3), which hydrotreated hyd- 
rocarbon oa can be recovered as product, 

(iii) hydrotreating fresh hydrocarbon oil (5) in 
the second reactor (2) vessel in the presence of 
used hydrogen containing gas (3) obtained In 
step (ii). 

(iv) separating the effluent of step (ill) into 
partly hydrotreated hydrocarbon oil (8) and con- 
taminated hydrogen containing gas (7), and 

(v) transporting partly hydrotreated hydrocar- 
bon oil obtained in step (iv) to step (i). 
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The present invention relates to a process for hy- 
drotreating a hydrocarbon oil employing at least a 
first and a second reactor vessel. 

It is foreseen that the amount of contaminating 
compounds such as sulphur or nitrogen containing 
compounds and aromatics, which are allowed to be 
present in hydrocarbon oils according to environmen- 
tal regulations, will continuously decrease in the fu- 
ture. Therefore, there is much interest In processes 
with the help of which the amount of these corrv 
pounds contained in hydrocark>on oils can be brought 
to a low level in a commercially attractive way. 

Processes for reducing the amount of sulphur or 
nitrogen containing compounds and aromatics, are in 
general called hydrotreating processes. These proc- 
esses can be further divided into processes which are 
especially directed at saturation of unsaturated com- 
pounds such as aromatics and olefins, in which case 
they are called hydrogenation processes, and proc- 
esses which are especially directed at reducing the 
amount of sulphur containing compounds and often at 
the same time also of nitrogen containing com- 
pounds, in which case they are called hydrodesul- 
phurizatlon processes. There are also processes 
which are specifically directed at reducing the amount 
of nitrogen containing compounds and in which only 
a relatively small amount of sulphur containing conrv 
pounds are removed. These are called hydrodenitro- 
genation processes. With the expression hydrodesul- 
phurization processes, which is used hereinafter, 
processes are meant which are either directed at re- 
moval of sulphur containing compounds and option- 
ally a limited amount of nitrogen, or processes which 
are primarily directed at removal of nitrogen contain- 
ing compounds and in which further some sulphur 
containing compounds are removed. 

A targe variety of hydrotreating processes are 
known from the prior art, for instance from US patent 
specification 5,114,562. In this document a process 
for hydrotreating a middle distillate has been descri- 
bed. The process comprises hydrodesulphurization 
of the distillate, cooling the effluent obtained and sut>- 
sequently stripping it to remove hydrogen sulphide. 
The vapour phase portion from the stripping section 
is further cooled and thereafter further separated in 
a low pressure vapour-liquid separation zone. The 
stripped liquid fraction is hydrogenated. The effluent 
of the hydrogenation zone is removed from the reac- 
tor, cooled several times, and subsequently separat- 
ed into a liquid phase stream and a vapour phase 
stream. The liquid phase stream is removed and fur- 
ther separated into several product fractions employ- 
ing a product recovery fractionation means. It is men- 
tioned that this set-up makes that only a single gas 
com pressor is needed for the gas recycle Jop p, 



The aim of the present invention is improvement 
in the economics of a hydrotreating process. This is 
attained by integration of the means for separating 



the effluent of the final hydrotreating step into the re- 
action vessel in which this final hydrotreating step is 
carried out. This makes that one of the separation 
vessels can be dispensed with. As the separation 

5 vessels which are applied in this kind of processes 
must be able to withstand quite high temperatures 
and pressures, it is advantageous to be able to dis- 
pense with one of them. Further, in the present set- 
up it is possible to more easily maintain the tempera- 

10 ture of the used hydrogen containing gas which is ap- 
plied In the further hydrotreatment. This makes that 
in certain cases reheating of the gas can be avoided. 

The present invention relates to a process for hy- 
drotreating a hydrocarbon oil employing at least a 

is first and a second reactor vessel, which process com- 
prises: 

(i) contacting partly hydrotreated hydrocarbon oil 
obtained in step (iv) described hereinbelow, in the 
first reactor vessel at elevated temperature and 

20 pressure with a hydrotreating catalyst in the pres- 

ence of clean hydrogen containing gas, 

(ii) separating the mixture obtained in step (i) 
within the first reactor vessel into a hydrotreated 
hydrocarbon oil and used hydrogen containing 

26 gas, which hydrotreated hydrocarbon oil can be 

recovered as product, 

(iii) contacting fresh hydrocarbon oil in the sec- 
ond reactor vessel at elevated temperature and 
pressure with a hydrotreating catalyst in the pres- 

30 e nee of used hydrogen containing gas obtained in 

step (ri), 

(iv) separating the effluent of step (iii) into partly 
hydrotreated hydrocarbon oil and contaminated 
hydrogen containing gas, and 

35 (v) transporting partly hydrotreated hydrocarbon 

oil obtained in step (iv) to step (i). 
In order to be able to separate the mixture ob- 
tained in step (i) to a sufficient extent into liquid hy- 
drocarbon oil and hydrogen containing gas inside the 

40 reactor vessel, the hydrocarbon oil which is to be sub- 
jected to the present process is to be such that the 
partly hydrotreated hydrocarbon oi I which is process- 
ed in step (i) contains a substantial amount of hydro- 
cart>ons which are liquid at the process conditions 

45 prevailing in the first reactor vessel. It is possible to 
cool the part of the reactor vessel in which the sepa- 
ration is carried out, such that it would also be possi- 
ble to process feeds of which a relatively small per- 
centage is in the liquid phase at the process condi- 

50 tions which prevail in the part of the f irst reactor ves- 
sel in which the hydrocarbons are converted. How- 
ever, this is not a preferred embodiment. In general, 
the separation of step (ii) will be carried out at a tem- 
perature and a pressure which are substantially the 

55 same.as the temperature and pressure applied in step 

(i). 

The separation inside the first reactor vessel can 
be carried out in any suitable way. An option could be 
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cooling as described above, with subsequent sepa- 
rate renxtvat of the gaseous components and liquid 
connponents. However, other separat ion nrtet hods are 
preferred. A suitable method involves the use of a 
separation means comprising a downwardly extend- 5 
ing plate having an opening between the tower edge 
of the plate and the wall of the vessel, at which tower 
edge there is a downwardly extending flange. The 
opening between the lower part of the plate and the 
wall of the vessel should be such that it allows gas and 10 
liquid to flow freely through it. Further, the surface of 
the plate in proportion to the vessel cross section is 
to be such that it sufficiently reduces the gas velocity, 
while the flange is to generate centrifugal effects 
which promote gas/liquid separation. The gas is pre- is 
ferably removed at a place which is just below the up- 
per part of the plate, while the liquid is preferably re- 
moved at the lowest part of the reactor vessel. Such 
separation means has t>een depicted in Figure 1 
(number (3)) and Figure 2 (number (23)). 20 

In general it will be advantageous to process a hy- 
drocarbon oil of which a major amount, for example 
more than 70 % by weight, suitably more than 80 % 
by weight and preferably more than 90 % by weight, 
is in the liquid phase at the process conditions pre- 25 
vailing in the first reactor vessel. Hydrocart>on oils 
which can suitably be hydrotreated according to the 
present invention, are kerosene fractions, gas oil 
fractions and lubricating oils. Especially a gas oil 
fraction can very suitably be subjected to the present 30 
invention, as the environmental constraints on gas 
oils are tightening. A suitable gas oil would be one of 
which a major portion of the hydrocarbons, e.g. at 
least 75% by weight boils in the range of between 150 
and 400 ""C. A suitable lubricating oil contains at least 35 
95% by weight of hydrocarbons boiling in the range 
of between 320 and 600 ''C. 

A hydrotreating catalyst which can be employed 
in the process according to the present invention suit- 
ably comprises one or more metals from Group IB, 40 
IIA, IVB, VB, VIB and VIII of the Periodic Table of the 
Elements in the Handbook of Chemistry and Physics, 
63rd edition, on a solid carrier The carrier can com- 
prise any metal oxide or mixed metal oxide support. 
Suitable supports comprise amorphous silica, amor- 45 
phous alumina, amorphous silica-alumina, and zeo- 
lite with silica or alumina as a binder 

The separation in step (iv) will often be carried 
out at a temperature which is lower than the temper- 
ature at which the hydrotreating of step (iii) is carried so 
out This is done as the hydrotreatment of step (iii) is 
usually carried out at higher temperature than the hy- 
drotreatment of step (i), because the hydrotreatment 
of step (iii) is usually to be earned out at higher sev- 
_enty.JOiis_makesJhatJor.someJeedstocksjtis-possi^ 55 



bte to attain sufficient separation substantially at 
process conditions in step (it), while this is not possi- 
ble in step (iv). The pressure applied in step (iv) is pre- 



ferably substantially the same as the pressure ap- 
plied in step (iii). In that way the duty of the recycle 
compressor can be minimised. The separation can be 
carried out in any way known to be suitable to some- 
one skilled in the art, for example with the help of a 
so called high pressure separator. This would make 
that only one gas pump would be needed for nr^intain- 
ing the recycle flow of the hydrogen containing gas. 
This makes that good hydrotreating results are ob- 
tained in a commercially attractive way. It is even 
more preferred to carry out the separation at sub- 
stantially the same pressure as applied in step (iii) 
and with the help of a stripper. Such stripper will usu- 
ally contain a stripping column in the upper part of 
which partly hydrotreated hydrocarbon oil is intro- 
duced, and in the lower part of which stripping gas 
containing hydrogen is introduced. The stripped liquid 
is removed at the bottom and the stripping gas is re- 
moved at the top. In this way, a substantial amount of 
the hydrogen sulphide present in the hydrocarbon oil 
is removed. This is advantageous for the final hydro- 
treatment step, which gives better results if less hy- 
drogen sulphide is present. 

With the expression "clean hydrogen containing 
gas" is meant a gas containing less than 3% by vol- 
ume of hydrogen sulphide, preferably less than 1% by 
volume, more preferably less than 0.5% by volume, 
most preferably less than 0.1% by volume. Suitably, 
contaminated hydrogen containing gas obtained in 
step (iv) is cleaned, e.g. by treating it with an amine, 
and subsequently used again in step (i) as clean hy- 
drogen containing gas. 

In principle, the flow in the conversion zones of 
the reactor vessels can be upwards or downwards. 
However, it is preferred to pass the hydrogen contain- 
ing gas and the hydrocarbon oil through the reactor 
vessels cocurrently in downf low. In this way. the gas 
flow and liquid flow can be controlled in an operation- 
ally reliable way. Further, the reactor temperatures 
can more easily be reliably controlled. 

As mentioned before, hydrotreating processes 
can be divided in hydrogenation and hydrodesulphur- 
ization processes. The process according to the pres- 
ent invention suitably comprises a hydrodestilphuri- 
zation process in step (iii) followed by a further hydro- 
desulphurization process in step (i). In this way. a 
very low sulphur level can be attained in a commer- 
cially attractive way. Another possible combination of 
processes comprises hydrodesulphurization of a hy- 
drocart>on oil, n>ore specifically a gas oil, in step (iii) 
followed by hydrodesulphurization in step (i). In both 
of these processes a hydrodesulphurization catalyst 
could be applied. However, the conditions and cata- 
lyst of the hydrodesulphurization of step (i) will usu- 
-ally-be-selected such-it-is more-direct ed-at-aromatics 
saturation. A further embodiment of the present in- 
vention comprises a hydrodesulphurization process 
in step (iii) followed by a hydrogenation process in 
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Step (j). In this embodiment both the sulphur and the 
aromatics content of the fresh hydrocarbon oil can be 
diminished in a commercially attractive way. It has 
been found that this combination of processes Is es- 
pecially suitably applied in the present invention. It 5 
should be noted that the expression hydrodesulphur- 
ization processes, is used for referring to processes 
primarily directed at removal of sulphur containing 
compounds and processes which are specifically di- 
rected at removal of nitrogen containing compounds 10 
and in which also a certain amount of sulphur contain- 
ing compounds is removed. 

If the process according to the present invention 
comprises in step (i) a hydrogenation process and in 
step (iii) a hydrodesulphurization process, in step (i) 15 
a hydrogenation catalyst will usually be applied at hy- 
drogenation conditions, and in step (iii) a hydrodesul- 
phurization catalyst will be applied at hydrodesul- 
phurization conditions. In such case, the hydrodesul- 
phurization of step (ill) must in general be carried out 20 
such that a sulphur content is attained which meets 
the specification on the sulphur tolerance of the hy- 
drogenation catalyst of step <i). Otherwise, this hydro- 
genation catalyst would be poisoned. Suitably, the hy- 
drocarbon oil obtained in step (iv) contains not more 25 
than 15% by volume of sulphur containing com- 
pounds, based on the volume of sulphur containing 
compounds present in the fresh hydrocarbon oil, pre- 
ferably not more than 10%. The catalysts to be used 
can in principle be any commercially available hydro- 30 
genation and hydrodesulphurization catalyst. In gen- 
eral such catalyst will comprise one or more Group 
VI B metals and/or one or more Group VIII metals. A 
hydrogenation catalyst which is especially suitable for 
use in step (i) comprises as catalytically active metal 3S 
one or more metals from the group formed by plati- 
num, palladium, tungsten, molybdenum, nickel and 
cobalt, on a solid carrier. 

If the process according to the present invention 
comprises in t>oth steps (i) and (iii) a hydrodesulphur- 40 
ization process, a hydrodesulphurization catalyst will 
in these steps be applied at hydrodesulphurization 
conditions. In that case, the partly hydrotreated hy- 
drocarbon oil obtained in step (iv) suitably contains 
between 0.01% and 30% by volume of sulphur con- 45 
taining cornpounds, based on the volume of sulphur 
containing compounds present in the fresh hydrocar- 
bon oil. Any hydrodesulphurization catalyst can be 
used. Suitably, catalysts are used containing one or 
more metals from Group IB. IIA, IVB, VB, VIB and VIII 50 
of the Periodic Table of the Elements on a solid car- 
rier A preferred catalyst comprises nickel, molybde- 
num, cobalt and/or tungsten, on a solid carrier. The 
catalysts of step (i) and (iii) can be different, or the 

same. 55 

If a gas oil is hydrotreated in the process accord- 
ing to the present invention, steps (i) and (iii) are suit- 
ably carried out at a temperature of between 150 and 



450 «»C, suitably between 250 and 400 °C, preferably 
between 300 and 390 °C, more preferably between 
310 and 385 "C, and a pressure of between 15 and 
150 bar, preferably between 25 and 120 bar A suit- 
able gas oil would be one as described above, which 
contains at least 75% by weight of hydrocarbons boil- 
ing in the range of between 150 and 400 ''C. 

If a lubricating oil Is hydrotreated in the process 
according to the present invention, steps (i) and (iii) 
are suitably carried out at a temperature of between 
150 and 400 X, preferably between 250 and 390 "C, 
more preferably between 310and 3B5 ''C. and a pres- 
sure of less than 250 bar. preferably less than 200 bar, 
more preferably less than 175 bar. A suitable lubricat- 
ing oil would be one as described above, of which 
more than 95% by weight, boils in the range between 
320 and 600 «C. 

The process according to the present invention is 
to be carried out in at least two reactor vessels. It is 
of course possible to use more vessels, for example 
by carrying out the process of step (i) and/or (iii) in 
more than one reactor vessel. This could for example 
be done for throughputs which are too large for car- 
rying out such process step in a single reactor vessel. 
If process step (i) is carried out in more than one re- 
actor vessel, the separation within the vessel (step 
(ii)) can be carried out solely in the last vessel of this 
process step. 

The hydrotreated hydrocarbon oil which is pro- 
duced in the present process can be further process- 
ed in any conventional way. Suitably, the product will 
be sent to a fractionator to obtain several product 
fractions, such as a lubricating oil, a diesel fuel, a jet 
fuel, etc. 

A possible embodiment of the process according 
to the present invention has been shown schemati- 
cally in Figure 1 for illustration. In Figure 2 a nr>ore de- 
tailed possible process scheme has been given. 

The first and second reactor vessel ((1) and (2)) 
of Figure 1 both contain a suitable hydrotreating cat- 
alyst. Clean hydrogen containing gas of line 1, is 
mixed with partly hydrotreated hydrocarbon oil of line 
8, and the mixture is introduced via line 2 into the first 
reactor vessel (1). The mixture is contacted with the 
catalyst at elevated temperature and pressure, and 
the effluent obtained is separated within the vessel 
employing a separation means (3) consisting of a 
downwardly extending plate at which lower end there 
is a downwardly extending flange, as described 
above. The hydrotreated hydrocarbon oil which is ob- 
tained, can be recovered as product via line 4. The 
used hydrogen containing gas is led via line 3 to the 
second hydrotreating reactor. The used hydrogen 
containing gas is mixed with fresh hydrocarbon oil of 

-Une-5.-and the mbtture is introduced in the second re^ 

actor vessel (2). In this reactor vessel, the mixture is 
contacted at elevated temperature and pressure with 
the hydrotreating catalyst The effluent obtained is 
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led via tine 6 and preferably after cooling, to high pres- 
sure separator (4). In this vessel the contaminated hy- 
drogen containing gas is separated off and removed 
via line 7. The partly hydrotreated oil obtained is 
transported via line 8 to the first reactor vessel .<1). 5 
The contaminated hydrogen containing gas which is 
separated off, cleaned and subsequently recycled to 
the process to be used as fresh hydrogen containing 
gas. 

A more detailed possible process schenne has io 
been depicted in Figure 2. In this scheme, the flow of 
hydrocarbon oil is followed for describing the scheme. 
Reactors R1 and R2 contain suitable hydrotreating 
catalysts. The fresh hydrocarbon oil of line 10 is heat- 
ed with the help of a furnace (21 ) and brought at ele- is 
vated pressure. After having been mixed with used 
hydrogen containing gas of line 17, which is dis- 
cussed hereinafter, the mixture of hydrocarbon oil 
and hydrogen is introduced into reactor R1. In this re- 
actor vessel, the mixture is contacted at elevated tern- 20 
perature and pressure with the hydrotreating cata- 
lyst. The effluent obtained is usedfor heating the mix- 
ture of hydrogen and partly hydrotreated oil of line 16 
to be discussed hereinafter. The effluent is subse- 
quently sent via line 11 to a stripper (22). To this strip- 2S 
per fresh make-up hydrogen is added via line 12. The 
contaminated hydrogen containing gas from the strip>- 
per (22) is sent via line 13 to unit (25) where it is 
cleaned by amine scrubbing. The clean hydrogen 
containing gas of line 15 which is produced, is mixed 30 
with the partly hydrotreated hydrocarbon oil from the 
stripper of line 14. This mixture of line 16 is heated by 
being indirectly contacted with the effluent of line 11 
and sut>sequently introduced into reactor R2. In this 
reactor vessel, the mixture is contacted at elevated 35 
temperature and pressure with the hydrotreating cat- 
alyst. The mixture obtained is separated inside reac- 
tor R2 with a downwardly extending plate (23) as de- 
scribed in above. The used hydrogen containing gas 
is separated off and is passed via line 17 to the fresh 40 
hydrocarbon oil of line 1 0, with which it is mixed. The 
hydrotreated hydrocarbon oil is sent via tine 18 to a 
stripper (24). The stripped, hydrotreated hydrocarbon 
oil obtained is sent via line 19 to a separator (26) 
where it can be further separated into several f rac- 45 
tions. The further units which are depicted are part of 
a conventional work-up section. 



Claims 50 



ing catalyst in the presence of clean hydrogen 
containing gas. 

(ii) separating the mixture obtained in step (i) 
within the first reactor vessel into a hydro- 
treated hydrocarbon oil and used hydrogen 
containing gas, which hydrotreated hydrocar- 
bon oil can be recovered as product, 

(iii) conlacling fresh hydrocarbon oil in the 
second reactor vessel at elevated tempera- 
ture and pressure with a hydrotreating cata- 
lyst in the presence of used hydrogen contain- 
ing gas obtained in step (ii), 

(iv) separating the effluent of step (iii) into 
partly hydrotreated hydrocarbon oil and con- 
taminated hydrogen containing gas, and 

(v) transporting partly hydrotreated hydrocar- 
bon oil obtained in step (Iv) to step (i). 

2. Process according to claim 1 , in which the sepa- 
ration of step (ii) is carried out at a temperature 
and pressure which are substantially the same as 
the temperature and pressure applied in step (i). 

3. Process according to claim 1 or 2, in which the 
separation of step (iv) is carried out at a pressure 
which is substantially the same as the pressure 
applied in step (iii). 

4. Process according to claim 3, in which the sepa- 
ration of step (iv) is carried out with the help of a 
stripper. 

5. Process according to any one of dai ms 1 to 4, in 
which contaminated hydrogen containing gas ob- 
tained in step (tv) is cleaned and used again in 
step (i). 

6. Process according to ctaim 5. in which the con- 
taminated hydrogen containing gas is cleaned by 
treating with an amine. 

7. Process according to claim 6, in which the clean 
hydrogen containing gas contains less than 1% 
by volume of hydrogen sulphide. 

8. Process according to any one of d aims 1 to 7, in 
which the hydrocart>on oi I to be hydrotreated is a 
gas oil which contains at least 75% by weight of 
hydrocarbons boiling in the range of between 150 
and 400 °C. 



1. Process for hydrotreating a hydrocarbon oil env 
ploying at least a first and a second reactor ves- 
sel, which process comprises: 

(i) c ontactin g partly hy drotreated h ydro car- 55. 

bon oil obtained in step (Iv) described herein- 
below, in the first reactor vessel at elevated 
temperature and pressure with a hydrotreat- 



9. Process according to claim 8, in which steps (i) 
and (iii) are carried out at a temperature of be- 
tween 150 and 450 and a pressure of between 

15.and-150-bar. ~ 

10. Process according to any one of daims 1 to 7, in 
which the hydrocarbon oil to be hydrotreated is a 
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lubricating oil which contains at least 95% by 
weight of hydrocarbons boiling in the range of be- 
tween 320 and 600 **C. 

11. Process according to claim 10, in which steps (i) 5 
and (iii) are carried out at pressure of less than 
250 bar and at a temperature of between 150 and 
400 *'C. 

12. Process according to any one of claims 1-11, in io 
which the hydrotreating catalyst comprises one 

or more metals from Group IB. IIA, IVB. VB, VIB 
and VIM of the Periodic Table of the Elements, on 
a solid carrier 

15 

13. Process according to any one of claims 1 to 12. 
in which in step (i) a hydrogenation catalyst is ap- 
plied at hydrogenation conditions, and in step (iii) 
a hydrodesulphurization catalyst is applied at hy- 
drodesulphurization conditions. 20 

14. Process according to claim 13, in which the hy- 
drocarbon oil obtained in step (rv) contains not 
more than 1 5% by volume of sulphur containing 
compounds, based on the volume of sulphur con- 25 
taining compounds present in the fresh hydrocar- 
bon oil. 

15. Process according to claim 13 or 14, in which the 
hydrogenation catalyst used In step (i) comprises 30 
as catalytically active metal one or more metals 
from the group formed by platinum, palladium, 
tungsten, molybdenum, nickel and cobalt, on a 
solid carrier. 

35 

16. Process according to any one of claims 1 to 12, 
In which in steps (i) and (iii) a hydrodesulphuriza- 
tion catalyst Is applied at hydrodesulphurization 
conditions. 

40 

17. Process according to claim 16. in which the hy- 
drocarbon oil obtained in step (iv) contains be- 
tween 0.01 and 30% by volume of sulphur con- 
taining compounds, based on the volume of sul- 
phur containing compounds present in the fresh 45 
hydrocarbon oil. 

18. Hydrocarbons whenever obtained in a process as 
described In any one of the preceding claims. 

50 
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